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http:WHAT THIS PAPER ADDS
This study is the ﬁrst one in our clinic investigating the outcome of abdominal aortic aneurysms (AAA) patients
declined from operative care. It provides valuable information about the rupture risk of the aneurysms that
meet the treatment criteria. The importance of preoperative assessment is raised and the study urges us to take
a closer look at our treatment criteria in the future.Introduction: Abdominal aortic aneurysms (AAAs) of 55 mm diameter or growth >5 mm in 6 months are
commonly accepted treatment criteria. The aim of this study was to establish the outcome of aneurysms that
met the treatment criteria but not the operative requirements.
Material and methods: Patients (n ¼ 154) who were declined from operative care of AAA in Helsinki University
Central Hospital (HUCH) during 2000e2010 were retrospectively analysed. Reasons for exclusion were identiﬁed.
The follow-up period extended until the end of April 2012. The rupture rate and mortality were determined. The
patients were analysed according to the aneurysm diameter: 55e60, 61e70 and >70 mm.
Results: The reasons for exclusion from operative treatment were cardiorespiratory co-morbidities in 33%, cancer
in 8%, overall condition in 33% and patient’s choice in 21% of the patients. Regardless of the size of the
aneurysm, the cause of death was aneurysm rupture in 43%, which was conﬁrmed either in hospital or in autopsy
for 76% of the patients. Of the ruptured aneurysms, 12 were operated of which ﬁve survived.
Conclusions: A ruptured aneurysm is the most common cause of death among patients unﬁt for surgery; this
should be considered in the preoperative evaluation process, especially since 5 of the 12 patients survived the
ruptured AAA (RAAA) operation.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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rysm (AAA) is made by balancing between the rupture risk
and the perioperative risks. An aneurysm larger than 55 mm
has a notable risk of rupture1 whereas the smaller aneu-
rysms are best treated conservatively and kept in surveil-
lance.2,3 Therefore, 55 mm is commonly considered as
a threshold for the treatment of AAA. For patients with
severe co-morbidities and increased risk for operative
mortality, the threshold diameter is often set higher than
55 mm.
The development of endovascular aortic repair (EVAR) has
provided a possibility to treat patients deemed unﬁt for
open surgery. The EVAR 1 (United Kingdom EndoVascular
Aneurysm Repair 1) trial reports a more favourable outcome
in patients unﬁt for open repair compared to patientsresponding author. Tel.: þ358 50 427 2876; fax: þ358 9 471 735.
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//dx.doi.org/10.1016/j.ejvs.2012.12.019treated only with the best medical treatment.4 On the other
hand, the EVAR 2 trial showed that there was no improve-
ment in overall mortality when conservative treatment was
compared with EVAR among patients excluded from open
repair.5 Other studies have also suggested that patients who
are not suitable for aneurysm repair are more likely to die of
causes other than aneurysm rupture.6,7
The results of elective aneurysm repair are continuously
under observation in hospitals treating AAAs. However, the
aneurysm mortality at the population level should also be
focussed on. If the criteria for open surgery are very strict,
the results of elective surgery may be good but aneurysm
mortality in the population is likely to be high.
To improve the recognition, evaluation and treatment of
the preoperative risk factors in order to diminish peri-
operative mortality and morbidity in vascular surgical
patients, an anaesthesiologist-driven preoperative clinic was
established in Helsinki University Central Hospital (HUCH) in
2005. To evaluate the treatment policy of patients with
large AAAs (>55 mm) and to gather information on the
history of patients declined from elective aneurysm
K. Noronen et al. 327treatment, this retrospective study was set up. The purpose
was to ﬁnd out the fate of the patients who meet the
treatment criteria of elective aneurysm repair but not the
operative requirements in our hospital during 2000e2010.MATERIAL AND METHODS
HUCH provides vascular surgical service for a population of
1.2 million. All vascular surgical patients are treated in our
hospital as there are no private health-care practices per-
forming arterial surgery.
The treatment criteria for elective repair in our insti-
tution have traditionally been aneurysm diameter 55 mm
or larger or aneurysm growth over 5 mm in 6 months8
even if it has been established that rapid growth of an
aneurysm should not be considered as an indication for
elective treatment.9 During the years 2000e2010 alto-
gether 798 patients with an aneurysm fulﬁlling these
criteria visited the vascular surgical outpatient clinic in
HUCH. Of these patients, 154 (19.3%) were declined from
operative care (Fig. 1). During the same time period 644
elective aneurysm repairs were performed, 481 open and
163 endovascular repair (EVAR). There were also 423
operations due to a ruptured abdominal aortic aneurysm
(RAAA) during the study period.
Hospital records of all the 154 declined patients were
gathered and retrospectively analysed. Age, sex and co-
morbidities such as cardiac and pulmonary disease, dia-
betes and malignant conditions were recorded (Table 1).
The study was approved by the Ethics Committee of the
Helsinki University Central Hospital.
The date of the initial diagnosis and the imaging method
was determined as was the ﬁrst evaluation at the outpa-
tient clinic when the operative criteria were met. The
consultations of the internal medicine specialist, theFigure 1. Patients (n ¼ 798) meeting the treatment criteria and evalua
for surgery. Aneurysm subgroups: ∙ 55e60 mm,  61e70 mm, C >7anaesthesiologist and later on the preoperative clinic were
noted as was the potential evaluation at the complex cases
meeting.
The date of the ﬁnal decision made on not to operate
was determined and from this date forward the follow-up
period was analysed. The follow-up extended until 30 April
2012. During the follow-up, RAAAs and possible emergency
repairs were recorded. The causes of death were deter-
mined from the hospital records and from the registry of
causes of death Finland.
The patients were analysed altogether and divided in
subgroups according to the diameter of the aneurysm: 55e
60, 61e70 and >70 mm.
Statistical analysis was performed with the Statistical
Package for Social Sciences (SPSS) statistical program (SPSS
version 14.0, Chicago, IL, USA). Freedom from RAAA and
overall survival for the three subgroups were determined
using the KaplaneMeier estimate curves.RESULTS
The mean age of the 154 patients assigned for conserva-
tive care was 79.6(60.6e93.4) years. Co-morbidities were
common (Table 1). According to the size of the aneurysm,
48.1% (n ¼ 74) patients that had an aneurysm 55e60 mm
in diameter. Three of them had AAAs 52e53 mm in
diameter but with a growth over 5 mm in 6 months. More
than a third, 37.0% (n ¼ 57), had an aneurysm with
a diameter of 61e70 mm and 14.9% (n ¼ 23) had an
aneurysm >70 mm.
Of the declined patients, 87(56.5%) were kept in
surveillance after the initial diagnosis and the ﬁrst evalua-
tion was only noted in our study when the treatment
criteria were met. The median time from the initial diag-
nosis to the ﬁrst evaluation at the outpatient clinic wasted in HUCH 2000e2010. Outcome of the patients (n ¼ 154) unﬁt
0 mm.
Table 1. The characteristics of all the patients and in subgroups according to the size of the aneurysm.
55e60 mm 61e70 mm > 70 mm All
(n ¼ 74) (n ¼ 57) (n ¼ 23) (n ¼ 154)
Age (years) 79.8 80.5 83.3 79.6
Gender (male, %)) 59.5 78.9 65.2 68.8
Cardiac disease (%) 55.4 61.4 69.6 60.4
Pulmonary disease (%) 39.2 42.1 17.4 38.3
Diabetes (%) 17.6 8.8 13.0 13.6
Periferial arterial disease (%) 29.7 29.8 21.7 28.6
Malignancy (%) 24.3 21.1 30.4 22.7
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the ﬁnal decision, the median time for all the patients was
37 days (range 0e981). For the subgroups 55e60, 61e70
and >70 mm, the median times to decision making were 37
(0e502) days, 47 (0e981) days and 22 (0e221) days,
respectively. After the ﬁnal decision the median follow-up
time was 19.0 months, ranging from 2 days to 6 years and
7 months. Three patients were lost during follow-up.
After the ﬁnal decision, scheduled follow-up visits were
organised for 50.0% of the patients with aneurysms 55e
60 mm in diameter, for 21.1% of the patients with aneu-
rysms 61e70 mm in diameter and for 13.0% of the patients
with an aneurysm over 70 mm in diameter. The patients
who were not kept in surveillance were usually determined
as not to be operated even at the time of rupture.
In the beginning of the study period (2000e2004), 37.9%
underwent evaluation by the internal medicinist. After the
foundation of the preoperative clinic from the beginning of
2005, overall 61.6% of the patients were evaluated by the
clinic. During the last 3 years (2008e2010), the percentage
of the patients going through the preoperative clinic was
73.5%. Preoperatively, 82.5% of the patients were assessed
for suitability for EVAR. Of those, 77.7% were not suitable
due to complex anatomy. The ones considered suitable for
EVAR and yet declined from treatment had most often
a severe cardiorespiratory condition, which was the most
common reason for exclusion with 33%. The reason for
exclusion was recorded according to the patient records.
For many, it was based on a combination of long-term
illnesses, most commonly cardiac and respiratory condi-
tions, hence the combined exclusion reason. All the reasons
for exclusion from operative treatment as well as the
proportion of patients not suitable for EVAR divided in
subgroups are presented in Table 2.Table 2. The reasons for exclusion from operative care and the
suitability for EVAR for the different subgroups.
55e60 mm 61e70 mm >70 mm
Reasons for exclusion (%)
Cardiorespiratory
condition
39.2 43.8 17.4
Malignancy 5.1 8.8 8.7
Overall condition 26.6 24.6 47.8
Patient’s choice 22.8 19.3 21.7
Suitability for EVAR (%)
Suitability determined 81.1 84.2 87.0
Not suitable 73.3 79.2 80.0During the median follow-up of 19.0 months, 56 (36.4%)
aneurysms ruptured (Fig. 1). The median time to aneurysm
rupture was 27.6 (2.0e50.0) months, 13.8 (0.1e76.0)
months and 11.4 (0e37.1) months for the subgroups 55e
60, 61e70 and >70 mm, respectively (Fig. 2). At the time of
rupture 12 (21.4%) patients were operated on an emer-
gency basis and 5 (41.7%) patients survived the operation.
Two of them were still alive at the end of follow-up and
three others lived for 2.5e26.5 months after the operation.
Their mean age was 79.3 years and their aneurysms were
55e70 mm.
At the end of the follow-up, 34 (22.1%) patients were still
alive resulting in 77.9% overall death risk (Fig. 1). The
patients who died during the follow-up period lived a median
time of 14.8 months after the decision not to operate.
Between the subgroups, the median life expectancy was 24.4
months for 55e60-mm aneurysms, 13.7 months for 61e70-
mm aneurysms and 11.6 months for aneurysms over 70 mm
(Fig. 3). The causes of death were similar in all three
subgroups (Fig. 4). The cause of death for three patients with
an AAA of 55e60 mm was left unknown.Figure 2. KaplaneMeier estimates for freedom from aneurysm
rupture in years according to the aneurysm size.
Figure 3. KaplaneMeier estimates for overall survival in years
according to the aneurysm size.
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the patients who died (n ¼ 116) either prior to death in
hospital (n ¼ 27) or post mortem in an autopsy (n ¼ 27). As
for the rest of the patients, their death certiﬁcates, where the
events leading up to the death have been described, were
carefully evaluated and then divided into two categories:
those whose cause of death was likely to be accurate
according to the death certiﬁcate (n ¼ 41) and those whose
cause of death was uncertain (n ¼ 20). In the ﬁrst group the
patients died most often in a hospital or a caring facility
(n ¼ 36) and in the latter they were often found deceased
(n ¼ 11). Of the 20 patients whose cause of death was not
certain, ﬁve were reported as ruptured aneurysms. The42
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Figure 4. The causes of death (%) according to the size of the
aneurysm. RAAA ¼ Rupture Abdominal Aortic Aneurysm,
CV ¼ Cardiovascular, CA ¼ Cancer.likelihood of an accurate cause of death for a ruptured
aneurysm compared with other reasons is illustrated in Fig. 5.DISCUSSION
As the population grows older, more and more patients are
diagnosed with AAA. The decision for elective repair must be
based on careful evaluation of the patient while considering
the risks of elective repair and the risk of aneurysm rupture. In
the current study we found that aneurysm rupture is themost
common cause of death in patients with AAA 55mm or larger
among patients with severe co-morbidities. Further, it was the
most common cause of death regardless of the size of the
aneurysm, but the median time to rupture was signiﬁcantly
shorter in patients with an aneurysm over 70 mm diameter.
In our study patients with a large aneurysm unﬁt for open
or endovascular repair were followed up for an average 1.5
years.The overallmortalitywas almost 80%and 33%died due
to aneurysm rupture. The conﬁrmation of the aneurysm
rupture as a cause of death is the most common concern in
studies addressing the outcome of patients with AAA. The
assumption is that the death of a patient who has a known
aneurysm is most likely diagnosed as aneurysm rupture
without an autopsy conﬁrming this. In the current study, the
autopsy rate was 23% (n ¼ 27). However, death due to
a ruptured aneurysm was conﬁrmed for 76% (n ¼ 39) of the
patients and only 10% (n ¼ 5) of the reported RAAA deaths
were uncertain (Fig. 5). Notable also is that among the other
15 patients whose causes of death were not certain, there
were six patients whose death certiﬁcates described the
classic course of events for a ruptured aneurysm, but were
still reported to have died of something else, in most cases
coronary artery disease. This suggests that the aneurysm
rupture rate in our study is at least not overestimated, rather
it may be underestimated.
The weakness of our study is its retrospective nature. Due
to this, deﬁnite criteria for operative requirements con-
cerning elective aortic repair are difﬁcult to establish. In our
study conservative treatment was suggested for most of theFigure 5. The determination and the likelihood of an accurate
cause of death for patients that died due to a ruptured aneurysm
(n ¼ 51) and of other causes (n ¼ 65).
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based on multiple co-morbidities. In addition, the study
population consisted only of patients fulﬁlling the treatment
criteria; it did not take into account all the aneurysm
patients diagnosed at the same time.
Our study is in accordance with the previous ﬁndings that
the larger the diameter of an abdominal aneurysm is, more
likely is that it will rupture1,5,10,11 (Fig. 2). In addition, the
mortality rate was the largest among the patients with
aneurysms over 70 mm (Fig. 3). The results of the current
study emphasise the fact that an abdominal aneurysm is
a fatal condition and that the treatment decision as well as
the preoperative evaluation and invasive treatment should
be performed without extensive delay.
The median time from the ﬁrst visit to the outpatient
clinic to the decision took a median of 37 days. With the
largest aneurysms (>70 mm), the conclusion was reached
the fastest, in a median of 22 days. Compared with 37 and
47 days in the two smaller groups, the aneurysms with the
greatest rupture risk were evaluated the quickest, as they
should be.
When looking at the whole study period, the number of
patients treated with open repair has decreased and the
ones treated with EVAR has increased, but only in the last
2 years of the study period, whereas the amount of the
patients declined from operative treatment rose steadily
(Fig. 6). After introduction of the perioperative clinic in 2005
the number of patients increased even further.
Even if the number of patients going through emergency
repair was low (n ¼ 12) the survival rate of 42% is notice-
able, since it is not far from the survival of all operated
RAAAs.12,13 No distinctive differences in the pre-existing
conditions of the patients compared to the other study
patients could be determined. This raises a question that
are we turning down people from operative treatment too
easily? It is clear that for most patients excluded from
operative treatment the decision is justiﬁed and just
common sense, but if an RAAA patient arrives in hospital in
a ﬁt enough condition and is willing to undergo surgery, oneFigure 6. The yearly division of the patients throughout the study
period. CT ¼ Conservative treatment, EVAR ¼ Endovascular aortic
repair, OS ¼ Open surgery.should not take for granted the statement in the hospital
records: not suitable for operation.
As hospital mortality of elective aneurysm repair is an
important measure of the quality of treatment, just as
important is the aneurysm rupture rate at population
level. When criteria for elective repair are set high,
the number of patients turned down from treatment
increases. This results in low elective mortality, but may
increase the overall aneurysm mortality. As the current
study shows, aneurysm rupture rate is relatively high
among conservatively treated patients and as many as ﬁve
out of 12 patients survived emergency repair. Therefore,
we have to evaluate the criteria regarding not to operate
in our hospital. In addition, aneurysm mortality at pop-
ulation level should be analysed.FUNDING
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